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Our	
  goal	
  is	
  to	
  find	
  simple	
  infla?onary	
  models	
  
which	
  fit	
  the	
  data	
  and	
  can	
  be	
  implemented	
  in	
  
string	
  theory	
  or	
  supergravity	
  
	
  
In	
  addi?on	
  to	
  describing	
  infla?on,	
  we	
  would	
  like	
  
also	
  to	
  describe	
  dark	
  energy	
  and	
  SUSY	
  breaking	
  
	
  	
  



	
  	
  The	
  simplest	
  chao?c	
  infla?on	
  model	
  

Eternal	
  	
  Infla?on	
  



Planck	
  data	
  suggest	
  that	
  this	
  simplest	
  chao?c	
  infla?on	
  
model	
  should	
  be	
  modified.	
  	
  
	
  
The	
  two	
  ver?cal	
  yellow	
  lines	
  in	
  the	
  next	
  slide	
  will	
  show	
  
the	
  results	
  of	
  a	
  minor	
  modifica?on	
  of	
  this	
  model	
  versus	
  
the	
  results	
  of	
  Planck	
  2015.	
  



m2

2
�2



1p
�g

L =
1

2
R� 1

2
@�2 � 1

2
m2�2

Start	
  with	
  the	
  simplest	
  chao?c	
  infla?on	
  model	
  

Modify	
  its	
  kine?c	
  term	
  

Switch	
  to	
  canonical	
  variables	
   � =
p
6↵ tanh

'p
6↵

The	
  poten?al	
  becomes	
  

V = 3↵m2 tanh2
'p
6↵

1p
�g

L =
1

2
R� 1

2

@�2

(1� �2

6↵ )
2
� 1

2
m2�2



ns = 1� 2

N
, r = ↵

12

N2V = f(tanh2
'p
6↵

)

-20 -10 10 20
φ

0.2

0.4

0.6

0.8

1.0

�



ns = 1� 2

N
⇡ 0.967, r ⇠ 4⇥ 10�4

-15 -10 -5 0 5 10 15 φ
0.2

0.4

0.6

0.8

1.0

�
Red	
  line	
  –	
  GL	
  model	
  1984	
  

Similar	
  model	
  has	
  been	
  proposed	
  30	
  years	
  ago	
  by	
  Goncharov	
  
and	
  A.L.	
  in	
  JETP	
  59,	
  930	
  (1984).	
  It	
  was	
  the	
  first	
  paper	
  on	
  
chao?c	
  infla?on	
  in	
  supergravity,	
  but	
  it	
  was	
  nearly	
  forgoZen.	
  
It	
  corresponds	
  to	
  	
  ↵ = 1/9

Single-field ↵-attractors
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I describe a simple class of ↵-attractors, generalizing the single-field GL model of inflation in
supergravity. The new class of models is defined for 0 < ↵ <⇠ 1, providing a good match to the
present cosmological data. I also present a generalized version of these models which can describe
not only inflation but also dark energy and supersymmetry breaking.

1. INTRODUCTION

First models of inflation in supergravity were based on the
new inflationary scenario, assuming high temperature phase
transitions with symmetry restoration. But these models did
not quite work, and in 1983 the new inflation scenario was
dethroned by chaotic inflation [1].

The main idea of chaotic inflation was to consider vari-
ous su�ciently flat potentials, either large-field or small-field,
and check whether inflation may occur in some parts of the
universe without assuming that it was in a state of thermal
equilibrium and that initial state of the inflaton field should
correspond to an extremum of the potential. For several
years, this simple idea was rejected by many as a drastic de-
viation from the main principles of inflation, but gradually it
became broadly accepted, and now practically all inflation-
ary models are based on it.

The first model of chaotic inflation in supergravity was
proposed in 1983-1984 [2]; I will call it GL model hereafter.
It was also the first model with the inflaton potential asymp-
totically approaching a plateau, V ⇠ a � be�c�. Later on,
it was realized that the Starobinsky model [3], after certain
modifications, can be cast in a form with a similar plateau
potential [4].

Inflationary potentials in these models never reach Planck-
ian values. It took many years to solve the problem of initial
conditions there, see a discussion in [5]. These models at-
tracted general attention only recently, because they were
strongly favored by the WMAP and Planck data [6, 7]. Pre-
dictions of some of these models are stable with respect to
even large changes of their potentials; such models are called
cosmological attractors [8–14]. In particular, GL model be-
longs to the class of ↵-attractors [9–11] with ↵ = 1/9 [15, 16].
These models have a unique set of predictions providing an
excellent fit to the recent observational data for ↵ <⇠ O(30):
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GL model [2] has several di↵erent realizations. It can be
represented as a theory with a canonical Kähler potential
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From the point of view of the theory of ↵-attractors, it is
more appropriate to use logarithmic Kähler potentials, such
as [11],

K = �3 log
⇣
1� ZZ̄ +

↵� 1

2

(Z � Z̄)2

1� ZZ̄

⌘
(1.4)

with ↵ = 1/9. In this framework, the GL model has a very
simple superpotential [16]

W =
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9
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The inflationary potential of this model, upon transforma-
tion to the canonically normalized inflaton field ' such that
ReZ = tanh 'p
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It has a minimum at ' = 0, where it vanishes. At ' >⇠ 1,
the potential coincides with the plateau potential

V (') =
µ2
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up to exponentially small higher order corrections [2].

This model is quite economical: It involves just a single
chiral superfield. It is very di�cult to construct such models,
so most of the subsequently developed inflationary models in
supergravity involved at least two di↵erent supermultiplets.

This situation changed only very recently, with inven-
tion of some interesting single superfield inflation models
[9, 17, 18], and especially with the development of models
with nilpotent chiral superfields, which allow to have two su-
perfields but only one complex scalar field [16, 19–24]. There
are several di↵erent ways to incorporate inflationary models
with any value of ↵ in the context of such theories, and si-
multaneously describe a non-zero cosmological constant and
SUSY breaking [16, 22].

In fact, even the original GL model, as well as the models
of Ref. [17, 18], require additional fields to describe SUSY
breaking and the cosmological constant, but one can easily
achieve it by adding a tiny superpotential M(S + 1/b) of a
nilpotent field S to the original single-filed GL superpoten-
tial [15, 16]. Therefore it would be interesting to find other
examples of single-field models of this type which could in-
corporate various values of ↵, not just ↵ = 1/9, and to check
whether one could generalize them in a similar way.
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up to exponentially small higher order corrections [2].
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chiral superfield. It is very di�cult to construct such models,
so most of the subsequently developed inflationary models in
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2. TOY MODELS OF ↵-ATTRACTORS

The bosonic T-model corresponding to Fig. 1 in a form
familiar to cosmologists is
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see for example [9], eq. (1.1). Here �(x) is the scalar field, the
inflaton, ↵ can take any positive value, and �

2

< 6↵, so that
the sign of the inflaton kinetic term is positive. The kinetic
term of the inflaton is not canonical and has a geometric
origin associated with a moduli space geometry. At ↵ ! 1
this is the simple chaotic inflation model with a quadratic
potential for a canonical field. At present the �

2 model of
inflation is disfavored by the data, which implies that the
moduli space is not flat.

For any finite ↵ one can solve equation @�

1��2

6↵

= @', which

yields � =
p

6↵ tanh 'p
6↵

. The boundary of the moduli

space � = ±
p

6↵ becomes ±1 in terms of the canoni-
cally normalized field ', and the quadratic potential be-
comes V = 3↵m

2 tanh2 'p
6↵

. We called such ↵-attractors

T-models: their potentials depend on tanh2 'p
6↵

, they are

symmetric with respect to the change ' ! �' and look like
letter T [3]. All potentials V (�2) belong to the general class
of T-models, which includes the GL model [7], which was
the first implementation of chaotic inflation in supergravity,
with ↵ = 1/9 and V (�) ⇠ �

2(1 � 3

8

�

2).

FIG. 4. Blue, brown and green lines show the potentials of the T-
models with V ⇠ tanh2 'p

6↵
for ↵ = 1, 2, 3 correspondingly. The red

line in the center shows the potential of the GL model [7].

The bosonic E-model corresponding to Fig. 2 is
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The potential of E-models has an explicit exponential de-
pendence on the canonically normalized field ', asymmetric

with respect to the change ' ! �': V ⇠ (1� e

�
p

2
3↵')2.

In the special case ↵ = 1 this potential coincides with the po-
tential in the Starobinsky model [11], which represents this
model as a member of the general class of ↵-attractors.

All of these models have the same kinetic term but dif-
ferent potentials. They have two common features. First of
all, they have two attractor points, shown by the red and
blue stars in Figs. 2 and 3, describing the limiting behavior
for ↵ ! 1 and ↵ ! 0. More importantly, for su�ciently
small ↵ (i.e. in the limit when the size of the moduli space
becomes small) their cosmological predictions are very sta-
ble with respect to even very significant modifications of the
potentials.

This property was explained in [3–5], and it was formu-
lated in a particularly general way in [8]: The kinetic term
in this class of models, as well as in many other models of
cosmological attractors, has a pole near the boundary of the
moduli space. If inflation occurs in a vicinity of such a pole
(which happens for su�ciently small ↵), and the potential
near the pole can be well represented by its value and its
first derivative near the pole, all other details of the poten-
tial far away from the pole (from the boundary of the moduli
space) become unimportant for making cosmological predic-
tions. In particular, the spectral index depends solely on
the order of the pole, while the tensor-to-scalar ratio also
involves the residue [8]. All the rest is practically irrelevant,
as long as the field after inflation falls into a stable minimum
of the potential with a tiny value of the vacuum energy and
stays there.

From the point of view of a phenomenology of inflation,
everything becomes nearly trivial: Take a simple model with
a pole in the kinetic term and a potential which has a mini-
mum, and we are done, independently of many other details
of the theory, in perfect agreement with observations. But
can we do it in some models which are believed to be related
to fundamental interactions? And if the properties of the
kinetic term are so important, is it possible that this class of
models may have some interesting interpretation in terms of
geometry of the moduli space? The rest of the paper will be
dedicated to the discussion of these issues, under the guid-
ance of Poincaré and Escher, as well as of many our friends
in the supergravity/string theory community.

3. THE HYPERBOLIC PLANE H2

The hyperbolic plane H2 has a long history in mathemat-
ics and physics, see for example [13]. A set of user-friendly
references with pictures and applications in physics include
http://mathworld.wolfram.com/PoincareHyperbolicDisk.html
https://www.youtube.com/watch?v=JkhuMvFQWz4

The Poincaré disk model of a hyperbolic geometry is pre-
sented by the Escher’s picture Circle Limit IV, see Fig. 3.
The boundary circle (which is not part of the hyperbolic
plane) is called the absolute. One can place an infinite
amount of angels and devils, of the size which looks decreas-
ing, towards the boundary in this circle, as Escher did. How-
ever, in fact, the correct understanding of hyperbolic geom-
etry means that the angels and devils close to the boundary
are of the same ‘physical’ size as the ones near the centrum
of the circle. How do we explain this? As always in a curved
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More	
  general	
  poten?als	
  in	
  terms	
  of	
  the	
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conformal	
  variables.	
  Naively,	
  one	
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  not	
  expect	
  
infla?on	
  in	
  theories	
  with	
  random	
  supergravity	
  
poten?als:	
  



Stretching	
  upon	
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  to	
  canonical	
  variables	
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  Einstein	
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THE BASIC RULE: 

For	
  a	
  broad	
  class	
  of	
  cosmological	
  aZractors,	
  the	
  spectral	
  index	
  ns	
  
depends	
  mostly	
  on	
  the	
  order	
  of	
  the	
  pole	
  in	
  the	
  kine?c	
  term,	
  while	
  
the	
  tensor-­‐to-­‐scalar	
  ra?o	
  r	
  depends	
  on	
  the	
  residue.	
  Choice	
  of	
  the	
  
poten?al	
  almost	
  does	
  not	
  maZer,	
  as	
  long	
  as	
  it	
  is	
  non-­‐singular	
  at	
  the	
  
pole	
  of	
  the	
  kine?c	
  term.	
  Geometry	
  of	
  the	
  moduli	
  space,	
  not	
  the	
  
poten?al,	
  determines	
  much	
  of	
  the	
  answer.	
  

THE REMAINING PROBLEM: 

Can	
  we	
  get	
  a	
  pole	
  in	
  the	
  kine?c	
  term	
  from	
  something	
  more	
  
fundamental	
  than	
  a	
  theory	
  of	
  a	
  single	
  scalar	
  field,	
  for	
  example	
  in	
  
supergravity?	
  

Galante,	
  Kallosh,	
  AL,	
  Roest	
  	
  1412.3797	
  



K = �3 log(1� Z ¯Z) + S ¯S, W = mSZ

V = tanh2
'p
6

There	
  is	
  a	
  boundary	
  of	
  the	
  moduli	
  space	
  at	
  	
  |Z|2=1	
  
The	
  minimum	
  of	
  the	
  poten?al	
  is	
  at	
  	
  Im	
  Z	
  =	
  S	
  =	
  0.	
  

Z = Z̄ = tanh
'p
6
, S = 0



It shows that in N = 1 d=4 supergravity with a nilpotent goldstino multiplet generic de Sitter minima

require a universal condition that the goldstino energy M2 exceeds the negative gravitino contribution

to energy where m2

3/2 = M2

b2
.

V = M2 � 3m2

3/2 > 0 . (2.6)

We keep here generic values of the parameter b2 > 3 which allow generic de Sitter vacua of the string

landscape type, including the case
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⇣
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⌘
M2 ⇠ 10�120 . (2.7)

3 Killing-adapted ↵-attractor supergravity models.

We study here the following N = 1 supergravity models, which can be described in disk geometry

coordinates of the moduli space Z,

K = �3↵ log
⇣
1 � ZZ̄

⌘
+ SS̄ , S2(x, ✓) = 0 , W = Ã(Z) + SB̃(Z) . (3.1)

The geometry has the SU(1, 1) symmetry

ds2 = KZ ¯ZdZdZ̄ = �3↵
dZdZ̄

(1 � ZZ̄)2
. (3.2)

Alternatively, we can use the half-plane coordinates T

K = �3 ↵ log
�
T + T̄

�
+ SS̄ , S2(x, ✓) = 0 , W = G̃(T ) + SF̃ (T ) . (3.3)

The geometry has an SL(2,R) symmetry

ds2 = KT ¯TdTdT̄ = �3↵
dTdT̄

(T + T̄ )2
. (3.4)

In both cases, at S = 0 the geometry is associated with the Poincare disk or half plane geometry

where 3↵ = R2

E corresponds to the radius square of the Escher disk [14].

We will now perform a Kähler transformation [15,27] so that our new Kähler potential is inflaton

shift-symmetric. First we use the original disk and half-plane variables and redefine the Kähler and

superpotentials as follows

K = �3

2
↵ log

"
(1 � ZZ̄)2

(1 � Z2)(1 � Z
2

)

#
+ SS̄ , S2(x, ✓) = 0 , W = A(Z) + SB(Z) . (3.5)

where

A(Z) + SB(Z) = (1 � Z2)�3↵/2(Ã(Z) + SB̃(Z)) . (3.6)
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K = �3

2
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
(T + T̄ )2

4T T̄

�
+ SS̄ , S2(x, ✓) = 0 , W = G(T ) + SF (T ) . (3.7)
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2.4 Shift Symmetry and Z, T, and � variables

The inflationary models made with a shift-symmetric canonical Kähler potential, and controllable

supersymmetry breaking have been studied in [3–5]. The basic feature of all such models is as follows.

At the potential’s minimum supersymmetry is spontaneously broken. With the simplest choice of the

Kähler potential, the models are given by K = 1

2

(� � �̄)2 + SS̄, W = g(�) + Sf(�), S2(x, ✓) = 0,

where the superpotential depends on two functions of the inflaton field �. The di↵erence with earlier

models [24–26], is the presence of an S-independent function g(�) in W and the requirement that S

is nilpotent. The mass of the gravitino at the minimum of the potential, W = m
3/2 = g(0), is non-

vanishing in these new models, and SUSY is broken in the goldstino direction with DSW = M 6= 0.

In [24–26] the mass of the gravitino was vanishing. Typically the minimum of the potential is these

models had an unbroken supersymmetry in Minkowski minima. But in new models in [3–5] with

g(�) 6= 0 we find instead either de Sitter or Minkowski minima with spontaneously broken SUSY.

From the point of view of string theory and N � 2 spontaneously broken supergravity, another

class of Kähler potentials, such as K = �3↵ ln(T + T̄ ), is more interesting due to their geometric

nature and symmetries. The same models in Poincaré disk variables are given by K = �3↵ ln(1�ZZ̄).

It is particularly important that these models have a boundary of the moduli space at

ZZ̄ ! 1 , Z ! ±1 , T ! 0 , T�1 ! 0 (2.2)

where T = 1+Z
1�Z , T�1 = 1�Z

1+Z [7, 10, 14]. Inflation takes place near the boundary which leads to an

attractor behavior when many models lead to the same inflationary predictions. A simple way to

explain it is to refer to a geometric nature of the kinetic terms of the form

3↵
@T@T̄

(T + T̄ )2
|T=

¯T=t =
3↵

4

✓
@t

t

◆
2

=
3↵

4

✓
@(t�1)

t�1

◆
2

(2.3)

The kinetic term has a pole behavior near t�1 ! 0, near the boundary of the moduli space T�1 ! 0.

This explains why the potentials can be changed without a change in cosmological observables and r

depends on the residue of the pole, i.e. on ↵ [12]. We may therefore change our potentials by small

terms depending on t�1 without changing the observables during inflation.

We study these models here. They can use either the Poincaré disk variables ZZ̄ < 1 or the

half-plane variables T + T̄ > 0. We will also use the set of variables discussed in [27], where

T = e

q
2
3↵�

, Z = tanh
�p
6↵

. (2.4)

In the context of our moduli space geometry the variables � represent the Killing adapted frame where

the metric is inflaton independent. We will therefore call them Killing variables.

Our purpose here is to generalize the models in [7–10] to break N = 1 SUSY spontaneously. The

new models with S2(x, ✓) = 0, which are compatible with established cosmological data and designed

to be compatible with the future data on r and m
3/2 will depend on four parameters: ↵, describing

the Kähler geometry, M , defining the scale of SUSY breaking by goldstino DSW = M , and µ, related

to scale of inflationary energy and b. The role of b is the following: at the minimum

V =
⇣
b2 � 3

⌘M2

b2
, ) b2 = 3 , V = 0 . (2.5)
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The first part of this challenging problem was recently
solved by Roest and Scalisi [25]. The authors studied models
with Kähler potentials [10]

K = −3α log(T + T̄ ) (1.8)

and found a family of α-attractors with superpotentials

W = T
3(α+

√

α)
2

(

1 + 3
√
α− 3

√
αT − T−3

√
α
)

. (1.9)

Here, following [25], we ignored the normalization coefficient
in front of W . Some generalizations of this superpotential
are possible, such as

W = T
3(α+

√

α)
2

(

T−3
√
α − 1

3
√
α

+ T − 1

)

. (1.10)

As pointed out in [25], these models describe stable infla-
tionary behavior at Im T = 0 for all sufficiently large α > 1,
which is a significant achievement. However, the inflation-
ary trajectory Im T = 0 in the models (1.9) and (1.10) is
unstable for α ≤ 1, and therefore they represent inflationary
α-attractors only for α > 1.

For example, one could try to develop a new implemen-
tation of the GL model with α = 1/9 in this context [25],
using the superpotential

W = T−1/3 (1− T )2

1 + T
. (1.11)

However, whereas the potential of the inflaton field Re T
in this model coincides with the GL inflaton potential, the
inflationary trajectory Im T = 0 in this model is unstable,
unlike the inflationary trajectory in the original GL model.

Fortunately, one can find stable generalizations of the GL
model for all positive α in the models with canonical Kähler
potentials (1.2) [25]. This is a very strong result, but the
attractor nature of the models, which is related to the pole
in the kinetic term of the inflaton field [13], is manifest only
in the models with logarithmic Kähler potentials such as
(1.4) or (1.8).

Since we already have a family of α-attractors with with
logarithmic Kähler potentials and nilpotent fields, covering
the full range of α and containing only one dynamical scalar
degree of freedom [16, 21–24], it would be interesting to know
whether one can achieve a similar success in the theory with
a single superfield.

In this short note we take a next step in this direction
and present a complementary class of single-field inflation-
ary α-attractors, which are stable for α <∼ 1. We will also
generalize these models to allow for a controllable level of
supersymmetry breaking and vacuum energy.

The new α-attractors, which we introduce here, have the
Kähler potential (1.4) and the superpotential

W (Z) = (1 − Z2)
3(1−

√

α)
2

(

(1 + Z)3
√
α

− (1 + 6
√
αZ)(1− Z)3

√
α
)

. (1.12)

For α = 1/9 this theory exactly reproduces the GL model
in its latest formulation with the simple superpotential W =
µ
9
Z2 (1−Z2) [16]. One can show that these models describe

a stable inflationary trajectory with Im Z = 0 and lead to
the usual α-attractor predictions (1.1) for all values of α in
the range 0 < α < 0.989. (A possible exception involves very
small α ≪ 1/9, where the inflaton field after inflation may
overshoot the minimum at Z = 0.) Various generalizations
of this model are possible, e.g. one can add a small quadratic
term cZ2 to (1 + 6

√
αZ) in (1.12); see also [16].

SUSY breaking and dS uplifting in these models can be
achieved following [15, 16]. One can introduce a nilpotent
superfield S, which does not have any scalar degrees of free-
dom, and use the Kähler potential

K = −3 log
(

1− ZZ̄ +
α− 1

2

(Z − Z̄)2

1− ZZ̄
−

SS̄

3

)

. (1.13)

The SUSY breaking superpotential can be taken as a sum
of W (Z) (1.12) and a simple Polonyi-type superpotential of
the nilpotent field S:

W (Z, S) = W (Z) +M(S + 1/b) (1.14)

with M ≪ 1. The last term can be neglected during infla-
tion, but it provides the required uplifting to a dS vacuum
with a small cosmological constant. The minimum of the po-
tential remains at ϕ = 0, supersymmetry is spontaneously
broken at the minimum,

DSW = M , DZW = 0 , m3/2 = M/b . (1.15)

Vacuum energy generically is non-zero,

V0 = M2(1− 3/b2) . (1.16)

Note that V0 is proportional to M2, so dS uplifting is pos-
sible only because supersymmetry is spontaneously broken
[15, 16]. By tuning b ≈

√
3 one can achieve any value

of the cosmological constant, including the desirable value
V0 ∼ 10−120, along the lines of the string landscape sce-
nario.

Thus in this new class of single-field α-attractors one can
simultaneously describe inflation, dark energy/cosmological
constant, and SUSY breaking of a controllable magnitude,
for all α <∼ 1. This complements the results of [25] describing
single field α-attractors with a logarithmic Kähler potential
which are stable for α > 1. It would be nice to find a similar
mechanism of SUSY breaking and uplifting for α-attractors
introduced in [25], and to find a way to close the small gap
between the two families of attractors by stabilizing both
sets of models in the vicinity of α = 1.

I am grateful to D. Roest and M. Scalisi for the continuing
collaboration and for sharing with me the results of [25] prior
to publication. I am supported by the SITP and by the NSF
Grant PHY-1316699 and by the Templeton foundation grant
‘Inflation, the Multiverse, and Holography.’
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The action of the O3-plane is

�O|0i ! �(�⌦�
T��1

⌦ )O|0i (2.2)

where �⌦ is the action on Chan-Paton indices. This result is essentially identical to the orientifold

projection in type I theory, which is related to it (in suitable toroidal compactification) by T-duality.

In our present case of a single D3-brane, Chan-Paton matrices reduce to complex numbers, and we

have �⌦ = 1. All the massless states, both for NS and R states, are odd under the orientifold action,

and therefore are projected out, so the D3-brane has no degrees of freedom at all. The physical

interpretation is that, since the D3-brane is stuck at the O3-plane, there are no massless scalars in

the spectrum; then, since the D3-brane preserves the same 16 supersymmetries as the O3-plane, this

implies that the orientifold projection removes the whole 4d N = 4 vector multiplet, i.e. the gauge

bosons and fermions as well.

The supersymmetry of the orientifold projection in the open string channel is related, by open-

closed duality, to the cancellation of closed string NSNS and RR exchanges in the closed string channel.

For the annulus diagram, this works as in the parent oriented theory; for the Moebius strip diagram,

which is responsible for the orientifold projection, this corresponds to the BPS cancellation of the

gravitational and 4-form interactions between the D3-brane and the O3-plane, see Figure ??.

Figure 1: The one-loop open string annulus and Moebius strip diagrams turns into closed string channel

diagrams describing tree level exchange of NSNS and RR states between two boundaries (branes or antibranes),

or between one boundary and one crosscap (O3-plane).

We now consider one D3-brane on top of the O3�-plane. Again, the worldvolume spectrum is

obtained by a simple orientifold action on the parent oriented spectrum in section ??. This is very

similar to the D3-brane case, except for the fact that the orientifold does not preserve the same

supersymmetries as the D3-brane. As studied in [?,?] (see also [?,?]), this manifests in an extra sign

in the orientifold action on the open string Ramond sector. This is easily derived from open-closed

duality, because the extra sign in the Moebius strip diagram for open string Ramond states maps to

an extra sign in the RR exchange between the crosscap and the boundary. This precisely matches the

6

Wrapped D7 Brane

RR Fluxes

NS Fluxes

Anti D3 Branes

Throat

Figure 1: Description of a deformed conifold with 3-form fluxes (a KS throat) embedded

in a compact geometry, with anti-D3-branes trapped at the tip of the throat. Beyond the

throat, the compactifications may include other ingredients, like D7-branes wrapped on

4-cycles, etc, which are not relevant for the generation of the warp factor on the throat,

but may lead to other interesting effects (like non-perturbative superpotentials).

embeds it into different possible compactification manifolds. This approach separates

the local properties of the models, such as the gauge group, the massless matter

spectrum, running of gauge coupling, etc, from properties depending strongly on the

global features of the compactification, such as supersymmetry breaking, scalar field

potentials, etc.

A large class of local D-brane configurations leading to chiral 4d world-volume

gauge sectors is provided by D3-branes (or D3-branes) at singularities. It is thus

natural to combine techniques of model building with D3-branes at singularities

with the construction of highly warped throats using deformed conifolds with fluxes.

Indeed in this paper we construct explicit geometries containing deformed conifolds,

and orbifold singularities sitting at the corresponding 3-spheres. Introduction of an

explicit set of suitable 3-form fluxes leads to a warped throat, with the compact

3-cycles and the orbifold singularity at its tip. Finally introducing a set of D3-branes

and D7-branes (all dynamically trapped at the tip of the throat) at the orbifold
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Abstract

We describe in detail how the spectrum of one anti-D3-brane in four-dimensional orientifolded

IIB string models reproduces precisely the field content of a constrained nilpotent chiral superfield

with one single physical component corresponding to the goldstino. In particular we explicitly

consider D3 on top of an O3-plane in warped throats, induced by (2, 1) fluxes. More general systems

including several anti-branes and other orientifold planes are also discussed. This provides further

evidence to the claim that non-linearly realised supersymmetry due to the presence of antibranes in

string theory can be described by standard supersymmetric theories including nilpotent superfields.

Implications to the KKLT and related scenarios of de Sitter moduli stabilisation, to cosmology and

to the structure of soft SUSY-breaking terms are briefly discussed.
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Abstract

The role of the D3 brane in providing de Sitter vacua with spontaneously broken supersymmetry

in the KKLT construction is clarified. The first step in this direction was explained in [1,2]: it was

shown there that in the GKP background the bosonic contributions to the vacuum energy from the

DBI and WZ term cancel for a D3 brane, but double for a D3 brane, leading to de Sitter vacua.

The next step was taken in [3] where the analogous mechanism of the doubling (cancelation) of the

D3 (D3) DBI and WZ terms was discovered in the presence of Volkov-Akulov fermions living on the

brane, in a flat supergravity background. Here we confirm this mechanism of doubling/cancelation

for the D3/D3 brane in the GKP supergravity background preserving N = 1, d = 4 supersymmetry.

We find that imaginary self-dual G(3) flux of type (2, 1) nicely removes the SU(3) fermion triplet

by giving it a large mass, while leaving the Volkov-Akulov goldstino, which is the SU(3) singlet,

massless. This makes the de Sitter landscape in D-brane physics clearly related to de Sitter vacua in

e↵ective d = 4 supergravity with a nilpotent multiplet and spontaneously broken supersymmetry.

ar
X

iv
:1

50
2.

07
62

7v
2 

 [h
ep

-th
]  

7 
M

ay
 2

01
5

Kallosh,	
  Quevedo,	
  Uranga	
  2015	
  	
  
String	
  Theory	
  RealizaMons	
  of	
  

the	
  Nilpotent	
  GoldsMno	
  



2.4 Shift Symmetry and Z, T, and � variables

The inflationary models made with a shift-symmetric canonical Kähler potential, and controllable

supersymmetry breaking have been studied in [3–5]. The basic feature of all such models is as follows.

At the potential’s minimum supersymmetry is spontaneously broken. With the simplest choice of the

Kähler potential, the models are given by K = 1

2

(� � �̄)2 + SS̄, W = g(�) + Sf(�), S2(x, ✓) = 0,

where the superpotential depends on two functions of the inflaton field �. The di↵erence with earlier

models [24–26], is the presence of an S-independent function g(�) in W and the requirement that S

is nilpotent. The mass of the gravitino at the minimum of the potential, W = m
3/2 = g(0), is non-

vanishing in these new models, and SUSY is broken in the goldstino direction with DSW = M 6= 0.

In [24–26] the mass of the gravitino was vanishing. Typically the minimum of the potential is these

models had an unbroken supersymmetry in Minkowski minima. But in new models in [3–5] with

g(�) 6= 0 we find instead either de Sitter or Minkowski minima with spontaneously broken SUSY.

From the point of view of string theory and N � 2 spontaneously broken supergravity, another

class of Kähler potentials, such as K = �3↵ ln(T + T̄ ), is more interesting due to their geometric

nature and symmetries. The same models in Poincaré disk variables are given by K = �3↵ ln(1�ZZ̄).

It is particularly important that these models have a boundary of the moduli space at

ZZ̄ ! 1 , Z ! ±1 , T ! 0 , T�1 ! 0 (2.2)

where T = 1+Z
1�Z , T�1 = 1�Z

1+Z [7, 10, 14]. Inflation takes place near the boundary which leads to an

attractor behavior when many models lead to the same inflationary predictions. A simple way to

explain it is to refer to a geometric nature of the kinetic terms of the form
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(2.3)

The kinetic term has a pole behavior near t�1 ! 0, near the boundary of the moduli space T�1 ! 0.

This explains why the potentials can be changed without a change in cosmological observables and r

depends on the residue of the pole, i.e. on ↵ [12]. We may therefore change our potentials by small

terms depending on t�1 without changing the observables during inflation.

We study these models here. They can use either the Poincaré disk variables ZZ̄ < 1 or the

half-plane variables T + T̄ > 0. We will also use the set of variables discussed in [27], where

T = e

q
2
3↵�
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�p
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. (2.4)

In the context of our moduli space geometry the variables � represent the Killing adapted frame where
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V =
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b2 � 3

⌘M2

b2
, ) b2 = 3 , V = 0 . (2.5)
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It shows that in N = 1 d=4 supergravity with a nilpotent goldstino multiplet generic de Sitter minima

require a universal condition that the goldstino energy M2 exceeds the negative gravitino contribution

to energy where m2

3/2 = M2

b2
.

V = M2 � 3m2

3/2 > 0 . (2.6)

We keep here generic values of the parameter b2 > 3 which allow generic de Sitter vacua of the string

landscape type, including the case

⇤ = M2 � 3m2

3/2 =
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1 � 3

b2

⌘
M2 ⇠ 10�120 . (2.7)

3 Killing-adapted ↵-attractor supergravity models.

We study here the following N = 1 supergravity models, which can be described in disk geometry

coordinates of the moduli space Z,

K = �3↵ log
⇣
1 � ZZ̄

⌘
+ SS̄ , S2(x, ✓) = 0 , W = Ã(Z) + SB̃(Z) . (3.1)

The geometry has the SU(1, 1) symmetry

ds2 = KZ ¯ZdZdZ̄ = �3↵
dZdZ̄

(1 � ZZ̄)2
. (3.2)

Alternatively, we can use the half-plane coordinates T

K = �3 ↵ log
�
T + T̄

�
+ SS̄ , S2(x, ✓) = 0 , W = G̃(T ) + SF̃ (T ) . (3.3)

The geometry has an SL(2,R) symmetry

ds2 = KT ¯TdTdT̄ = �3↵
dTdT̄

(T + T̄ )2
. (3.4)

In both cases, at S = 0 the geometry is associated with the Poincare disk or half plane geometry

where 3↵ = R2

E corresponds to the radius square of the Escher disk [14].

We will now perform a Kähler transformation [15,27] so that our new Kähler potential is inflaton

shift-symmetric. First we use the original disk and half-plane variables and redefine the Kähler and

superpotentials as follows
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2
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where
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where

G(T ) + SF (T ) = T�3↵/2(G̃(T ) + SF̃ (T )) . (3.8)

Since we have performed a Kähler transform of the type

K ! K +
3↵

2
log[(1 � Z2)(1 � Z̄2)], W ! (1 � Z2)�3↵/2W W ! (1 � Z̄2)�3↵/2W . (3.9)

K ! K +
3↵

2
log[4T T̄ ], W ! T�3↵/2W W ! T̄�3↵/2W . (3.10)

the geometry did not change, it is still given by (3.2) and (3.4), respectively.

Our next step is to switch to moduli space coordinates (2.4) where the metric is manifestly inflaton-

independent. The choice of coordinates Z = tanh �

6↵ and T = e

q
2
3↵�

in the disk/half-plane geometry

corresponds to a Killing-adapted choice of coordinates where the metric does not depend on ' = Re �.

We find that in these coordinates with Killing variables � = ' + i#

K = �3↵ log
h
cosh

� � �̄p
6↵

i
+ SS̄ . (3.11)

and

ds2 = �3↵
dZdZ̄

(1 � ZZ̄)2
= �3↵

dTdT̄

(T + T̄ )2
=

@�@�̄

2 cos2
⇣q

2

3↵ Im�
⌘ . (3.12)

The superpotential is now

W = A
⇣

tanh
�p
6↵

⌘
+ S B

⇣
tanh

�p
6↵

⌘
= G

⇣
e

q
2
3↵�

⌘
+ SF

⇣
e

q
2
3↵�

⌘
. (3.13)

Note that in our models # = 0 during inflation and therefore the new holomorphic variable � during

inflation becomes a real canonical variable '. This is also easy to see from the kinetic terms in these

variables, which are conformal to flat,

ds2 =
d'2 + d#2

2 cos2
q

2

3↵#
. (3.14)

At # = 0 they are both canonical ds2|#=0

= d'2
+d#2

2

. Thus, we will work with ↵-attractor models

(3.1), (3.3) in the form

K = �3↵ log
h
cosh

� � �̄p
6↵

i
+ SS̄ , W = G

⇣
e

q
2
3↵�

⌘
+ SF

⇣
e

q
2
3↵�

⌘
. (3.15)

Here one should keep in mind that our original half-plane variable T is related to � as follows,

T = e

q
2
3↵�

. We will use the following notation

G
⇣
e

q
2
3↵�

⌘
⌘ g(�) , F

⇣
e

q
2
3↵�

⌘
⌘ f(�) . (3.16)

To summarize, in Killing variables the ↵-attractor supergravity models are

K = �3↵ log
h
cosh

� � �̄p
6↵

i
+ SS̄ , W = g(�) + Sf(�) . (3.17)
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One	
  can	
  use	
  an	
  equivalent	
  formula?on,	
  with	
  Kahler	
  poten?al	
  
preserving	
  more	
  of	
  the	
  symmetries	
  of	
  the	
  theory.	
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Ferrara,	
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Bergshoeff,	
  Freedman,	
  Kallosh,	
  Van	
  Proeyen:	
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  pure	
  de	
  
SiZer	
  supergravity	
  INCLUDING	
  FERMIONS	
  

S	
  is	
  a	
  nilpotent	
  chiral	
  superfield;	
  no	
  other	
  fields	
  

K = SS̄, W =
p
⇤S

The	
  theory	
  describes	
  dS	
  state	
  without	
  scalar	
  fields	
  

V = ⇤ > 0



Next	
  step:	
  	
  	
  Poincare	
  dS	
  disk	
  

K = � log

"
1� Z ¯Z � S ¯Sp
(1� Z2

)(1� ¯Z2
)

#

V = ⇤

|Z| < 1

The	
  scalar	
  field	
  Z	
  is	
  massless.	
  It	
  lives	
  on	
  the	
  dS	
  Poincare	
  disk	
  

W =
p
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Simplest	
  T-­‐model:	
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6↵
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This	
  is	
  the	
  simplest	
  quadra?c	
  infla?onary	
  poten?al,	
  with	
  angels	
  
and	
  devils	
  concentrated	
  near	
  the	
  boundary	
  of	
  the	
  moduli	
  space	
  



The	
  same	
  potenMal	
  in	
  terms	
  of	
  the	
  canonical	
  	
  
inflaton	
  field	
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In	
  the	
  simplest	
  chao?c	
  infla?on	
  model	
  m2φ2,	
  infla?on	
  begins	
  
at	
  the	
  Planck	
  density	
  under	
  a	
  trivial	
  condi?on:	
  the	
  poten?al	
  
energy	
  should	
  be	
  greater	
  than	
  the	
  kine?c	
  and	
  gradient	
  energy	
  
in	
  a	
  smallest	
  possible	
  domain	
  of	
  a	
  Planckian	
  size.	
  

However,	
  in	
  a	
  broad	
  class	
  of	
  cosmological	
  aZractor	
  models,	
  
infla?on	
  can	
  begin	
  only	
  when	
  the	
  energy	
  density	
  drops	
  from	
  
its	
  Planck	
  value	
  by	
  10	
  orders	
  of	
  magnitude.	
  Is	
  it	
  a	
  problem?	
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PotenMal	
  defines	
  infinite	
  dS	
  space,	
  everywhere	
  
except	
  a	
  small	
  vicinity	
  of	
  the	
  minimum	
  	
  	
  

The	
  universe	
  is	
  born	
  at	
  the	
  Planck	
  density,	
  10	
  orders	
  of	
  magnitude	
  
above	
  the	
  dS	
  disk.	
  It	
  may	
  be	
  very	
  inhomogeneous,	
  but	
  if	
  it	
  expands,	
  
density	
  of	
  maZer	
  decreases.	
  In	
  10-­‐28	
  seconds	
  it	
  becomes	
  dominated	
  
by	
  dS	
  energy	
  density.	
  Ajer	
  that,	
  the	
  field	
  slowly	
  rolls	
  to	
  the	
  minimum.	
  

This	
  solves	
  the	
  problem	
  of	
  ini?al	
  condi?ons	
  for	
  infla?on	
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1 Introduction

The chaotic inflation scenario [1] was proposed in 1983 as an alternative to new inflation, when it

was realized that the idea of high temperature phase transitions and supercooling, the trademark

of old and new inflation, made inflation very di�cult to implement. The simplest chaotic inflation

models presented in [1] were models of the type �n, but it was emphasized there that this scenario

is much more general. The main idea of chaotic inflation was to consider various su�ciently flat

potentials, either large-field or small-field, and check whether inflation may occur in some parts of the

universe under some generic (and possibly chaotic) initial conditions, without making an assumption

that the universe was in a state of thermal equilibrium and that initial state of the inflaton field

should correspond to an extremum of the potential. At present, this idea may seem nearly trivial; all

presently available inflationary models are based on it. However, this scenario, which does not even

require the existence of the hot Big Bang, is so much di↵erent from the old cosmological paradigm

that for several years since the invention of chaotic inflation many found it psychologically di�cult to

accept. Even now most of the college textbooks continue describing inflation as an intermediate stage

of expansion of the universe in a supercooled vacuum state formed after the hot Big Bang.

In October 1983, Alexander Goncharov and I developed the first version of chaotic inflation in

supergravity [2], which I will call GL model hereafter. It was quite economical, involving only a

single chiral superfield. It was the first supergravity model with the inflaton potential asymptotically

approaching a plateau V ⇠ a� be�c�. Later on, it was realized that the Starobinsky model [3], after

certain generalizations [4,5], can be cast in a form with a similar plateau potential [6]. It took almost

30 years until the models of this type attracted general attention because they were strongly favored

by the recent WMAP and Planck data [7, 8]. Paradoxically, at that time the GL model was nearly

forgotten.

In this paper I will briefly revisit the GL model. I will describe its predictions in terms of ns and r,

compare it with other related models, and then, following [9–12], I will propose a slight generalization

of this model, which allows to describe not only inflation, but also the present stage of acceleration

with a tiny cosmological constant ⇠ 10�120 and with a controllable level of supersymmetry breaking.

2 The GL model

The model proposed in [2] described a single chiral superfield � with the simple Kähler potential ��̄

and a superpotential e��2/2W (�), which was designed to cancel the growth of the potential V (�) in

the direction of the real part of the field � = 1p
2
(�+ i�). Using Kähler invariance, one can represent

the GL model [2] in an equivalent but simpler form as a theory with a shift-symmetric Kähler potential

K = �1

2
(�� �̄)2 (2.1)

and the superpotential

W =
m

6
sinh

p
3� tanh

p
3� . (2.2)

The superpotential (2.2) can be also written in a more symmetric form,

W =
m

6

�
cosh

p
3�� cosh�1

p
3�

�
. (2.3)
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potentials, either large-field or small-field, and check whether inflation may occur in some parts of the

universe under some generic (and possibly chaotic) initial conditions, without making an assumption
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and the superpotential

W =
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The potential V (�,�) of the fields � and � in this model has a minimum at � = � = 0, where it

vanishes, V (0) = 0. Because of the shift symmetry of the Kähler potential in the �, direction, the

potential does not grow as e�
2/2 in the � direction, but blows up as e�

2
in the � direction. As a result,

it has a deep flat valley in the � direction, with a minimum at � = 0. The mass squared of the field

� during inflation is very large, m2
� � H2. Therefore the field � vanishes and plays no role during

inflation. Meanwhile the potential of the field �, which plays the role of a canonically normalized

inflaton field, is given by

V (�) =
m2
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⇣
4� tanh2
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2
�
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3

2
� . (2.4)

This potential has a minimum at � = 0, where it vanishes, see Fig. 1. At � & 1, the potential coincides

with

V (�) =
m2
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, (2.5)

up to exponentially small higher order corrections O(e�3
p
6|�|) [2]. These corrections can only lead to

higher order corrections in 1/N to ns and r, where N ⇠ 60 is the number of e-foldings.

A proper interpretation of this model can be given in the context of the recently discovered theory

of superconformal ↵-attractors [13, 14]. It will be shown in [15] that the GL superpotential (2.2)

is the simplest superpotential in the family of superconformal attractors with a single chiral super-

field. For the theory of two fields with the superpotential Sf(�), the general form of the ↵-attractor

superpotential is Sf(tanh �p
3↵
) [14], whereas for the single-field superpotential, the general form is

sinh
p
3� f(tanh

p
3�) [15]. The potential (2.4), (2.5) is of the same type as the potentials in the

↵-attractor models [14] for ↵ = 1/9; in this respect see also [16].

Figure 1: The thick blue line shows the inflaton potential (2.4) in the theory (2.1), (2.2) in units m = 1. The red

dashed line shows its asymptotic representation (2.5), which exponentially rapidly converges to in the inflationary regime

with � & 1. The last 60 e-foldings of the evolution of the universe correspond to � . 2.8.

Investigation of the slow-roll regime in this model is quite simple: One can use the well known

equation relating to each other the field � and the number of e-foldings N ,

d�

dN
=

V 0

V
⇡ 8

p
6

3
e�

p
6|�| (2.6)

and find that � = 1p
6
log(16N). This means, for example, that the structure of the universe on a scale

corresponding to N = 60 e-foldings was formed when the inflaton field was �60 ⇠ 2.8, and for N = 50

2

GL	
  poten?al	
  is	
  shown	
  by	
  red	
  line	
   Predic?on	
  is	
  shown	
  by	
  the	
  orange	
  
dot	
  at	
  the	
  boZom	
  



6

This model has an interesting superconformal interpretation

to be discussed in a more detailed version of this paper. The

inflaton potential in this model is given by

V (�) =
µ2

27

⇣
4 � tanh2

r
3

2
'
⌘

tanh2

r
3

2
' . (5.27)

It has a minimum at ' = 0, where it vanishes, see Fig. 1.

At ' >⇠ 1, the potential coincides with

V (') =
µ2

9

✓
1 � 8

3
e�

p
6|'|

◆
, (5.28)

up to exponentially small higher order corrections

O(e�3
p

6|'|) [2]. These corrections can only lead to higher or-

der corrections in 1/N to ns and r, where N ⇠ 60 is the num-

ber of e-foldings. With our definition of the parameter µ, the

potential of this model matches the normalization of other ↵

models in this paper, so that V asymptotically approaches

↵µ2 = µ2/9. This model predicts ns = 1 � 2
N ⇡ 0.967 and

r = 4
3N2 ⇡ 4 ⇥ 10�4 for N ⇡ 60, in excellent agreement

with the Planck 2015 data. It can describe not only infla-

tion but also dark energy and SUSY breaking if one adds to

it a nilpotent chiral multiplet with superpotential [3].

Interestingly, the model with the GL inflaton potential

(5.27) can be also obtained in the context of ↵-attractors

with a single-field logarithmic Kähler potential

K = �3 log
⇣
1 � ZZ̄ +

↵ � 1

2

(Z � Z̄)2

1 � ZZ̄

⌘
(5.29)

with ↵ = 1/9. The superpotential in this representation of

the GL model is particularly simple:

W =
µ

9
Z2 (1 � Z2) . (5.30)

One can easily check that the inflaton potential of this model

coincides with the potential of the original version of the GL

model (5.27), which is a T-model shown by the red line in

Fig. 1.

GL model allows various generalizations [3], which look

especially simple in our approach. For example, if one one

multiplies the superpotential (5.30) by 1 + cZ with |c| ⌧ 1,

the height of the plateau of the inflaton potential at ' > 0

will be di↵erent from its height at ' < 0. Furthermore, if

one takes

W =

r
2

3
µ Z2 (1 � Z) , (5.31)

one finds the potential of an E-model

V (') =
µ2

9

⇣
1 � e�

p
6'
⌘⇣

1 � e�2
p

6'
⌘

. (5.32)

Unlike the original GL model, the potential of this model

depends not on |'| but on '. This potential blows up at

large negative ', has a minimum at ' = 0, and approaches

a flat plateau at large positive ', just as the family of poten-

tials of E-models shown in Fig. 4. This model has the same

observational predictions as the original GL model.

Note that the field S is not required for the consistency of

this family of models, which makes them most economical.

However, the nilpotent field S helps to break supersymme-

try and uplift the minimum of the inflaton potential. This

can be achieved, for example, by using the Kähler poten-

tial (2.4) and adding a simple S-dependent term to the GL

superpotential (5.30):

W =
µ

9
Z2 (1 � Z2) + M(S + 1/b) . (5.33)

This theory has the SUSY breaking parameters and the vac-

uum energy given by (3.12), (3.13). Thus in this simple

model one can simultaneously describe inflation, dark en-

ergy/cosmological constant, and SUSY breaking of a con-

trollable magnitude.

6. DISCUSSION

In this paper we discussed simplest models belonging to

the general class of ↵ attractors. These models lead to cos-

mological predictions providing excellent match to the latest

cosmological data for a very broad range of ↵. We described

several di↵erent ways to implement such models in super-

gravity in a manner directly related to their attractor nature.

We also developed a set of ↵-attractors describing not only

inflation but also dark energy and supersymmetry breaking

of a controllable strength. A more detailed description of

our results will be given in the subsequent publication [24].

The flexibility of the scale of supersymmetry breaking in

these models may be important for considering an inter-

play between the cosmological data and the future data from

LHC. The often made assumption of a small scale of SUSY

breaking usually requires small reheating temperature, to

avoid the cosmological gravitino problem. This constraint

is removed if the gravitino mass is su�ciently large, in the

range of 102 TeV or above. In its turn, the reheating temper-

ature a↵ects the required number of e-foldings, and therefore

the value of ns. This e↵ect is not large, but it may become

noticeable with an increase of precision of the measurement

of the cosmological parameters. In this way the results to

be obtained at LHC may help us to optimize our choice of

inflationary models based on supergravity.
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Unlike the original GL model, the potential of this model

depends not on |'| but on '. This potential blows up at

large negative ', has a minimum at ' = 0, and approaches

a flat plateau at large positive ', just as the family of poten-

tials of E-models shown in Fig. 4. This model has the same

observational predictions as the original GL model.

Note that the field S is not required for the consistency of

this family of models, which makes them most economical.

However, the nilpotent field S helps to break supersymme-

try and uplift the minimum of the inflaton potential. This

can be achieved, for example, by using the Kähler poten-

tial (2.4) and adding a simple S-dependent term to the GL

superpotential (5.30):

W =
µ

9
Z2 (1 � Z2) + M(S + 1/b) . (5.33)

This theory has the SUSY breaking parameters and the vac-

uum energy given by (3.12), (3.13). Thus in this simple

model one can simultaneously describe inflation, dark en-

ergy/cosmological constant, and SUSY breaking of a con-

trollable magnitude.

6. DISCUSSION

In this paper we discussed simplest models belonging to

the general class of ↵ attractors. These models lead to cos-

mological predictions providing excellent match to the latest

cosmological data for a very broad range of ↵. We described

several di↵erent ways to implement such models in super-

gravity in a manner directly related to their attractor nature.

We also developed a set of ↵-attractors describing not only

inflation but also dark energy and supersymmetry breaking

of a controllable strength. A more detailed description of

our results will be given in the subsequent publication [24].

The flexibility of the scale of supersymmetry breaking in

these models may be important for considering an inter-

play between the cosmological data and the future data from

LHC. The often made assumption of a small scale of SUSY

breaking usually requires small reheating temperature, to

avoid the cosmological gravitino problem. This constraint

is removed if the gravitino mass is su�ciently large, in the

range of 102 TeV or above. In its turn, the reheating temper-

ature a↵ects the required number of e-foldings, and therefore

the value of ns. This e↵ect is not large, but it may become

noticeable with an increase of precision of the measurement

of the cosmological parameters. In this way the results to

be obtained at LHC may help us to optimize our choice of

inflationary models based on supergravity.
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der corrections in 1/N to ns and r, where N ⇠ 60 is the num-

ber of e-foldings. With our definition of the parameter µ, the
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models in this paper, so that V asymptotically approaches

↵µ2 = µ2/9. This model predicts ns = 1 � 2
N ⇡ 0.967 and

r = 4
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with the Planck 2015 data. It can describe not only infla-
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with ↵ = 1/9. The superpotential in this representation of

the GL model is particularly simple:
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One can easily check that the inflaton potential of this model

coincides with the potential of the original version of the GL

model (5.27), which is a T-model shown by the red line in

Fig. 1.

GL model allows various generalizations [3], which look

especially simple in our approach. For example, if one one

multiplies the superpotential (5.30) by 1 + cZ with |c| ⌧ 1,

the height of the plateau of the inflaton potential at ' > 0

will be di↵erent from its height at ' < 0. Furthermore, if
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Unlike the original GL model, the potential of this model

depends not on |'| but on '. This potential blows up at

large negative ', has a minimum at ' = 0, and approaches

a flat plateau at large positive ', just as the family of poten-

tials of E-models shown in Fig. 4. This model has the same

observational predictions as the original GL model.

Note that the field S is not required for the consistency of

this family of models, which makes them most economical.

However, the nilpotent field S helps to break supersymme-

try and uplift the minimum of the inflaton potential. This

can be achieved, for example, by using the Kähler poten-

tial (2.4) and adding a simple S-dependent term to the GL

superpotential (5.30):

W =
µ

9
Z2 (1 � Z2) + M(S + 1/b) . (5.33)

This theory has the SUSY breaking parameters and the vac-

uum energy given by (3.12), (3.13). Thus in this simple

model one can simultaneously describe inflation, dark en-

ergy/cosmological constant, and SUSY breaking of a con-

trollable magnitude.

6. DISCUSSION

In this paper we discussed simplest models belonging to

the general class of ↵ attractors. These models lead to cos-

mological predictions providing excellent match to the latest

cosmological data for a very broad range of ↵. We described

several di↵erent ways to implement such models in super-

gravity in a manner directly related to their attractor nature.

We also developed a set of ↵-attractors describing not only

inflation but also dark energy and supersymmetry breaking

of a controllable strength. A more detailed description of

our results will be given in the subsequent publication [24].

The flexibility of the scale of supersymmetry breaking in

these models may be important for considering an inter-

play between the cosmological data and the future data from

LHC. The often made assumption of a small scale of SUSY

breaking usually requires small reheating temperature, to

avoid the cosmological gravitino problem. This constraint

is removed if the gravitino mass is su�ciently large, in the

range of 102 TeV or above. In its turn, the reheating temper-

ature a↵ects the required number of e-foldings, and therefore

the value of ns. This e↵ect is not large, but it may become

noticeable with an increase of precision of the measurement

of the cosmological parameters. In this way the results to

be obtained at LHC may help us to optimize our choice of

inflationary models based on supergravity.
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The first part of this challenging problem was recently
solved by Roest and Scalisi [25]. The authors studied models
with Kähler potentials [10]

K = −3α log(T + T̄ ) (1.8)

and found a family of α-attractors with superpotentials

W = T
3(α+

√

α)
2

(

1 + 3
√
α− 3

√
αT − T−3

√
α
)

. (1.9)

Here, following [25], we ignored the normalization coefficient
in front of W . Some generalizations of this superpotential
are possible, such as

W = T
3(α+

√

α)
2

(

T−3
√
α − 1

3
√
α

+ T − 1

)

. (1.10)

As pointed out in [25], these models describe stable infla-
tionary behavior at Im T = 0 for all sufficiently large α > 1,
which is a significant achievement. However, the inflation-
ary trajectory Im T = 0 in the models (1.9) and (1.10) is
unstable for α ≤ 1, and therefore they represent inflationary
α-attractors only for α > 1.

For example, one could try to develop a new implemen-
tation of the GL model with α = 1/9 in this context [25],
using the superpotential

W = T−1/3 (1− T )2

1 + T
. (1.11)

However, whereas the potential of the inflaton field Re T
in this model coincides with the GL inflaton potential, the
inflationary trajectory Im T = 0 in this model is unstable,
unlike the inflationary trajectory in the original GL model.

Fortunately, one can find stable generalizations of the GL
model for all positive α in the models with canonical Kähler
potentials (1.2) [25]. This is a very strong result, but the
attractor nature of the models, which is related to the pole
in the kinetic term of the inflaton field [13], is manifest only
in the models with logarithmic Kähler potentials such as
(1.4) or (1.8).

Since we already have a family of α-attractors with with
logarithmic Kähler potentials and nilpotent fields, covering
the full range of α and containing only one dynamical scalar
degree of freedom [16, 21–24], it would be interesting to know
whether one can achieve a similar success in the theory with
a single superfield.

In this short note we take a next step in this direction
and present a complementary class of single-field inflation-
ary α-attractors, which are stable for α <∼ 1. We will also
generalize these models to allow for a controllable level of
supersymmetry breaking and vacuum energy.

The new α-attractors, which we introduce here, have the
Kähler potential (1.4) and the superpotential

W (Z) = (1 − Z2)
3(1−

√

α)
2

(

(1 + Z)3
√
α

− (1 + 6
√
αZ)(1− Z)3

√
α
)

. (1.12)

For α = 1/9 this theory exactly reproduces the GL model
in its latest formulation with the simple superpotential W =
µ
9
Z2 (1−Z2) [16]. One can show that these models describe

a stable inflationary trajectory with Im Z = 0 and lead to
the usual α-attractor predictions (1.1) for all values of α in
the range 0 < α < 0.989. (A possible exception involves very
small α ≪ 1/9, where the inflaton field after inflation may
overshoot the minimum at Z = 0.) Various generalizations
of this model are possible, e.g. one can add a small quadratic
term cZ2 to (1 + 6

√
αZ) in (1.12); see also [16].

SUSY breaking and dS uplifting in these models can be
achieved following [15, 16]. One can introduce a nilpotent
superfield S, which does not have any scalar degrees of free-
dom, and use the Kähler potential

K = −3 log
(

1− ZZ̄ +
α− 1

2

(Z − Z̄)2

1− ZZ̄
−

SS̄

3

)

. (1.13)

The SUSY breaking superpotential can be taken as a sum
of W (Z) (1.12) and a simple Polonyi-type superpotential of
the nilpotent field S:

W (Z, S) = W (Z) +M(S + 1/b) (1.14)

with M ≪ 1. The last term can be neglected during infla-
tion, but it provides the required uplifting to a dS vacuum
with a small cosmological constant. The minimum of the po-
tential remains at ϕ = 0, supersymmetry is spontaneously
broken at the minimum,

DSW = M , DZW = 0 , m3/2 = M/b . (1.15)

Vacuum energy generically is non-zero,

V0 = M2(1− 3/b2) . (1.16)

Note that V0 is proportional to M2, so dS uplifting is pos-
sible only because supersymmetry is spontaneously broken
[15, 16]. By tuning b ≈

√
3 one can achieve any value

of the cosmological constant, including the desirable value
V0 ∼ 10−120, along the lines of the string landscape sce-
nario.

Thus in this new class of single-field α-attractors one can
simultaneously describe inflation, dark energy/cosmological
constant, and SUSY breaking of a controllable magnitude,
for all α <∼ 1. This complements the results of [25] describing
single field α-attractors with a logarithmic Kähler potential
which are stable for α > 1. It would be nice to find a similar
mechanism of SUSY breaking and uplifting for α-attractors
introduced in [25], and to find a way to close the small gap
between the two families of attractors by stabilizing both
sets of models in the vicinity of α = 1.

I am grateful to D. Roest and M. Scalisi for the continuing
collaboration and for sharing with me the results of [25] prior
to publication. I am supported by the SITP and by the NSF
Grant PHY-1316699 and by the Templeton foundation grant
‘Inflation, the Multiverse, and Holography.’

2

The first part of this challenging problem was recently
solved by Roest and Scalisi [25]. The authors studied models
with Kähler potentials [10]

K = −3α log(T + T̄ ) (1.8)

and found a family of α-attractors with superpotentials

W = T
3(α+

√

α)
2

(

1 + 3
√
α− 3

√
αT − T−3

√
α
)

. (1.9)

Here, following [25], we ignored the normalization coefficient
in front of W . Some generalizations of this superpotential
are possible, such as

W = T
3(α+

√

α)
2

(

T−3
√
α − 1

3
√
α

+ T − 1

)

. (1.10)

As pointed out in [25], these models describe stable infla-
tionary behavior at Im T = 0 for all sufficiently large α > 1,
which is a significant achievement. However, the inflation-
ary trajectory Im T = 0 in the models (1.9) and (1.10) is
unstable for α ≤ 1, and therefore they represent inflationary
α-attractors only for α > 1.

For example, one could try to develop a new implemen-
tation of the GL model with α = 1/9 in this context [25],
using the superpotential

W = T−1/3 (1− T )2

1 + T
. (1.11)

However, whereas the potential of the inflaton field Re T
in this model coincides with the GL inflaton potential, the
inflationary trajectory Im T = 0 in this model is unstable,
unlike the inflationary trajectory in the original GL model.

Fortunately, one can find stable generalizations of the GL
model for all positive α in the models with canonical Kähler
potentials (1.2) [25]. This is a very strong result, but the
attractor nature of the models, which is related to the pole
in the kinetic term of the inflaton field [13], is manifest only
in the models with logarithmic Kähler potentials such as
(1.4) or (1.8).

Since we already have a family of α-attractors with with
logarithmic Kähler potentials and nilpotent fields, covering
the full range of α and containing only one dynamical scalar
degree of freedom [16, 21–24], it would be interesting to know
whether one can achieve a similar success in the theory with
a single superfield.

In this short note we take a next step in this direction
and present a complementary class of single-field inflation-
ary α-attractors, which are stable for α <∼ 1. We will also
generalize these models to allow for a controllable level of
supersymmetry breaking and vacuum energy.

The new α-attractors, which we introduce here, have the
Kähler potential (1.4) and the superpotential

W (Z) = (1 − Z2)
3(1−

√

α)
2

(

(1 + Z)3
√
α

− (1 + 6
√
αZ)(1− Z)3

√
α
)

. (1.12)

For α = 1/9 this theory exactly reproduces the GL model
in its latest formulation with the simple superpotential W =
µ
9
Z2 (1−Z2) [16]. One can show that these models describe

a stable inflationary trajectory with Im Z = 0 and lead to
the usual α-attractor predictions (1.1) for all values of α in
the range 0 < α < 0.989. (A possible exception involves very
small α ≪ 1/9, where the inflaton field after inflation may
overshoot the minimum at Z = 0.) Various generalizations
of this model are possible, e.g. one can add a small quadratic
term cZ2 to (1 + 6

√
αZ) in (1.12); see also [16].

SUSY breaking and dS uplifting in these models can be
achieved following [15, 16]. One can introduce a nilpotent
superfield S, which does not have any scalar degrees of free-
dom, and use the Kähler potential

K = −3 log
(

1− ZZ̄ +
α− 1

2

(Z − Z̄)2

1− ZZ̄
−

SS̄

3

)

. (1.13)

The SUSY breaking superpotential can be taken as a sum
of W (Z) (1.12) and a simple Polonyi-type superpotential of
the nilpotent field S:

W (Z, S) = W (Z) +M(S + 1/b) (1.14)

with M ≪ 1. The last term can be neglected during infla-
tion, but it provides the required uplifting to a dS vacuum
with a small cosmological constant. The minimum of the po-
tential remains at ϕ = 0, supersymmetry is spontaneously
broken at the minimum,

DSW = M , DZW = 0 , m3/2 = M/b . (1.15)

Vacuum energy generically is non-zero,

V0 = M2(1− 3/b2) . (1.16)

Note that V0 is proportional to M2, so dS uplifting is pos-
sible only because supersymmetry is spontaneously broken
[15, 16]. By tuning b ≈

√
3 one can achieve any value

of the cosmological constant, including the desirable value
V0 ∼ 10−120, along the lines of the string landscape sce-
nario.

Thus in this new class of single-field α-attractors one can
simultaneously describe inflation, dark energy/cosmological
constant, and SUSY breaking of a controllable magnitude,
for all α <∼ 1. This complements the results of [25] describing
single field α-attractors with a logarithmic Kähler potential
which are stable for α > 1. It would be nice to find a similar
mechanism of SUSY breaking and uplifting for α-attractors
introduced in [25], and to find a way to close the small gap
between the two families of attractors by stabilizing both
sets of models in the vicinity of α = 1.

I am grateful to D. Roest and M. Scalisi for the continuing
collaboration and for sharing with me the results of [25] prior
to publication. I am supported by the SITP and by the NSF
Grant PHY-1316699 and by the Templeton foundation grant
‘Inflation, the Multiverse, and Holography.’

Note	
  that	
  the	
  cosmological	
  constant	
  appears	
  only	
  when	
  SUSY	
  is	
  
broken.	
  The	
  term	
  M(S+1/b)	
  is	
  similar	
  to	
  Polonyi	
  superpoten?al.	
  
However,	
  the	
  field	
  S	
  is	
  nilpotent,	
  it	
  vanishes,	
  so	
  there	
  is	
  no	
  
cosmological	
  moduli	
  associated	
  with	
  the	
  Polonyi	
  field.	
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m	
  -­‐	
  	
  inflaton	
  mass	
  scale	
  

M	
  	
  -­‐	
  	
  SUSY	
  breaking	
  mass	
  scale	
  

For	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  one	
  has	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  Changing	
  b	
  gives	
  any	
  desirable	
  value	
  
of	
  the	
  cosmological	
  constant.	
  
	
  

b =
p
3 ⇤ = 0

S	
  –	
  nilpotent	
  superfield	
  (no	
  scalar	
  component)	
  

Kallosh,	
  AL	
  	
  	
  1502.07733,	
  Carrasco,	
  Kallosh,	
  AL	
  	
  1506.01708	
  	
  

be added to the Kähler potential, to stabilize #. It is of the form A(Z, Z̄)SS̄(Z � Z̄)2 in disk variables.

This model for ↵ = 1 in half-plane variables in case of ⇤ = 0 was proposed in [6] in eqs. (28), (37).

For the generic case of ↵ 6= 1 a related model was given in eqs. (4.23), (4.24) in [13].

More general models can be constructed following the rules for this class of models proposed above

in eqs. (4.7) - (4.11).

5 General models of inflation with SUSY breaking and dark energy

We have learned above how to build supergravity models by reconstructing superpotentials to pro-

duce a given choice of the bosonic inflationary potential V (') = F2(') with our logarithmic Kähler

potential K = �3↵ log
h
cosh ��¯

�p
6↵

i
+SS̄ in Killing variables. The exact answer for W = g(�)+Sf(�)

can be obtained under condition g(�) = 1

bf(�) and requires simply an integration so that f(') is

reconstructed by integration f(') = bp
2

R
F('). Obviously this can be carried out in any variables

as long as one takes care of the Kähler measure relating the variables used to the functional form of

the canonical variables, but it is particularly transparent in Killing-adapted variables as the measure

is unity.

Instead of the reconstructing strategy we may start with our models in (3.17) with superpotentials

of the form

W = g(�) + Sf(�) (5.1)

without a constraint that g(�) = 1

bf(�). In such case the potentials are given by V
total

= 2|g0(')|2 �
3|g(')|2 + |f(')|2.

Near the minimum of the potential one has to check that we still satisfy the requirements that

DSW = M 6= 0 and D
�

W = 0 to preserve the nice de Sitter exit properties with SUSY breaking

as described in eq. (2.5). In these models we end up with more complicated bosonic potentials

describing some combination of our ↵-attractor models. However, these models are still capable to

fit the cosmological observables as well as providing the level of SUSY breaking in dS vacua with a

controllable gravitino mass. Some examples of these models were given in [13], in eqs. (2.4), (3.15) and

(2.7), (3.17). Here we will present an example where in disk variables the superpotential is relatively

simple whereas the potential is not simple but satisfactory for our purpose. We take the inflaton

shift-symmetric Kähler potential and the superpotential of the form

K = �3

2
↵ log

"
(1 � ZZ̄)2

(1 � Z2)(1 � Z
2

)

#
+ SS̄ , S2(x, ✓) = 0 , W =

⇣
S +

1 � Z2

b

⌘
(
p

3↵ m2 Z2 + M) .

(5.2)

The same model in Killing variables �, where Z = tanh �p
6↵

, is

K = �3↵ log
h
cosh

� � �̄p
6↵

i
+SS̄, W =

⇣1

b
cosh�2

⇣ �p
6↵

⌘
+S

⌘⇣p
3↵ m2 tanh2

⇣ �p
6↵

⌘
+M

⌘
. (5.3)

The potential at S = 0 and # = 0 has the form V
total

= 2|g0(')|2 �3|g(')|2 + |f(')|2 where in our case

g(') =
1

b
cosh�2

⇣ �p
6↵

⌘⇣p
3↵ m2 tanh2

⇣ �p
6↵

⌘
+ M

⌘
, f(') =

p
3↵ m2 tanh2

⇣ �p
6↵

⌘
+ M . (5.4)
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⇤ = M2(1� 3

b2
)

No	
  need	
  for	
  a	
  Polonyi	
  field,	
  so	
  no	
  cosmological	
  light	
  moduli	
  problem.	
  



Because	
  of	
  the	
  s?mula?ng	
  pressure	
  from	
  observa?ons,	
  
we	
  found	
  a	
  new	
  classes	
  of	
  theories	
  with	
  very	
  interes?ng	
  
proper?es:	
  	
  cosmological	
  aZractors.	
  Their	
  predic?ons	
  
are	
  stable	
  with	
  respect	
  to	
  strong	
  modifica?ons	
  of	
  the	
  
inflaton	
  poten?al,	
  and	
  they	
  can	
  describe	
  in	
  a	
  very	
  
economical	
  way	
  not	
  only	
  infla?on	
  but	
  also	
  dark	
  energy	
  
and	
  SUSY	
  breaking.	
  	
  



For	
  30	
  years,	
  one	
  of	
  our	
  main	
  goals	
  was	
  to	
  use	
  
observa?ons	
  to	
  reconstruct	
  infla?onary	
  poten?al.	
  	
  
However,	
  in	
  this	
  new	
  class	
  of	
  theories,	
  cosmological	
  
predic?ons	
  depend	
  mostly	
  not	
  on	
  the	
  poten?al,	
  but	
  on	
  
geometry	
  of	
  the	
  moduli	
  space.	
  
	
  
Thus	
  inves?ga?on	
  of	
  geometry	
  of	
  space-­‐?me	
  may	
  
provide	
  informa?on	
  about	
  geometry	
  of	
  the	
  moduli	
  space.	
  


